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Form first dielectric layer 306 over

channel portion 304c¢ of fin 304, such that
first active area 304a of fin 304 and 102
second active area 304b of fin 304 are
exposed

Recess fin 304, such that first height 305a
of first active area 304a, channel height
305c¢ of channel portion 304c and second
height 305b of second active area 304b
are reduced, such that first active area
304a has first recessed height 307a, 104
second active area 304c¢ has second
recessed height 307b, and channel

portion 304c¢c has recessed channel height
307cC

Form first active region 310a having first
active region height 318a over first active
area 304a, form active channel region
310c having active channel region height
318c over channel portion 304¢ and form
second active region 310b having second
active region height 318b over second
active area 3040

106

FIG. 1
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Recess first dielectric layer 306 over fin
304, such that top portion 313 of fin 304 is [— 202
exposed

Form dummy gate 314 over channel
Recess fin 304, such that first height 305a
of first active area 304a, channel height
305c¢ of channel portion 304c and second
height 305b of second active area 304b
are reduced, such that first active area 206
304a has first recessed height 30743,
second active area 304c¢ has second
recessed height 307b, and channel

portion 304¢ has recessed channel height
307¢C

Form first active region 310a having first
active region height 318a over first active
area 304a, form active channel region
310c having active channel region height [— 208

318c over channel portion 304c and form
second active region 310b having second
active region height 318b over second
active area 3040

FIG. 2
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SEMICONDUCTOR DEVICE AND
FORMATION THEREOFK

RELATED APPLICATION

This application 1s a divisional of and claims priority to
U.S. patent application Ser. No. 14/249,397, titled “SEMI-
CONDUCTOR DEVICE AND FORMATION THEREOF”

and filed on Apr. 10, 2014, which 1s incorporated herein by
reference.

BACKGROUND

In a semiconductor device, such as a transistor, current
flows through a channel region between a source region and
a drain region upon application of a suflicient voltage or bias
to a gate of the device. When current tlows through the
channel region, the transistor 1s generally regarded as being
in an ‘on’ state, and when current 1s not flowing through the
channel region, the transistor 1s generally regarded as being
in an ‘ofl” state.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 1s a flow diagram illustrating a method of forming
a semiconductor device, in accordance with some embodi-
ments.

FI1G. 2 1s a tlow diagram 1illustrating a method of forming
a semiconductor device, in accordance with some embodi-
ments.

FIG. 3 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 4A 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 4B 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 5 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 6 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 7A 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 7B 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 8 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 9 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 10A 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 10B 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 11 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 12 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 13A 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 13B 1s an illustration of a semiconductor device,
accordance with some embodiments.
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FIG. 14 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 15 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 16A 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FIG. 16B 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FI1G. 17 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 18 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 19A 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FIG. 19B 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 20 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FIG. 21 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FI1G. 22 A 1s an illustration of a semiconductor device,
accordance with some embodiments.

FI1G. 22B 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 23 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FIG. 24 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 25A 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FI1G. 25B 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 26 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FI1G. 27 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FI1G. 28A 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FI1G. 28B 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FIG. 29 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 30 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 31A 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FIG. 31B i1s an illustration of a semiconductor device,
accordance with some embodiments.

FI1G. 32 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FIG. 33 1s an 1illustration of a semiconductor device,
accordance with some embodiments.

FI1G. 34 A 1s an 1llustration of a semiconductor device,
accordance with some embodiments.

FIG. 34B 1s an illustration of a semiconductor device,
accordance with some embodiments.

FIG. 35 1s an illustration of a semiconductor device,
accordance with some embodiments.
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DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures ol the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
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the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed in direct
contact, and may also mclude embodiments 1n which addi-
tional features may be formed between the first and second
teatures, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1n
use or operation in addition to the ortentation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other ornientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

One or more techniques for forming a semiconductor
device and resulting structures formed thereby are provided
herein.

A first method 100 of forming a semiconductor device
300 1s illustrated 1n FIG. 1, and one or more semiconductor
devices formed by such methodology are illustrated in
FIGS. 3-17. A second method 200 of forming the semicon-
ductor device 300 1s 1llustrated 1n FIG. 2, and one or more
semiconductor devices formed by such methodology are

illustrated 1n FIGS. 18-35. In some embodiments, such as
illustrated 1n FIGS. 15, 16 A, 16B, and 17 as formed by the

first method 100 and FIGS. 33, 34A, 34B and 35 as formed
by the second method 200, FIGS. 15 and 33 illustrate an
overview or top down view of the semiconductor device
300, FIGS. 16A and 34 A illustrate a cross sectional view of
the semiconductor device 300 taken along lines 16a-16a,
and 34a-34a respectively, FIGS. 16B and 34B 1illustrate a
cross sectional view of the semiconductor device 300 taken
along lines 1656-165b, and 345-34b respectively and FIGS. 17
and 335 1llustrate a cross sectional view of the semiconductor
device 300 taken along lines 17-17, and 35-35 respectively.
In some embodiments, the semiconductor device 300 com-
prises a fin 304 having a first active area 304a, a channel
portion 304¢ and a second active area 3045, where the first
active area 304a has a first recessed height 3074, the channel
portion 304¢ has a recessed channel height 307¢ and the
second active area 3045H has a second recessed height 3075.
In some embodiments, the recessed channel height 307¢ 1s
greater than at least one of the first recessed height 307a or
the second recessed height 3075. In some embodiments, a
first active region 310a 1s over the first active area 304a. In
some embodiments, the first active region 310a has a first
active region height 318a. In some embodiments, an active
channel region 310c¢ 1s over the channel portion 304c¢. In
some embodiments, the active channel region 310c¢ has an
active channel region height 318¢. In some embodiments, a
second active region 3106 1s over the second active area
304b. In some embodiments, the second active region 31056
has a second active region height 3185. In some embodi-
ments, at least one of the first active region height 318a or
the second active region height 3185 1s greater than the
active channel region height 318¢. In some embodiments,
the active channel region 310c¢ has an active channel region
width 316 between about 4 nm to about 30 nm. In some
embodiments, at least one of the first active region 310a or
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the second active region 3105 comprise at least one of a
source or a drain. In some embodiments, a gate 312 1s over
the active channel region 310c¢. In some embodiments, such
as 1llustrated 1n FIG. 16 A, the channel portion 304¢ of the fin
304 and the active channel region 310c¢ are tapered, where
tapered refers to a fin having sidewalls lying within a plane
oriented at an angle greater than about 1° relative to a line
perpendicular to a surface of a substrate 302. In some
embodiments, such as illustrated in FIG. 16B, the second
active area 3045 of the fin 304 and the second active region
3106 are substantially vertical, where substantially vertical
refers to a fin having sidewalls lying within a plane oriented
at an angle between about 0° to about 1° relative to the line
perpendicular to the surface of the substrate 302. In some
embodiments, such as illustrated in FIG. 34B, the second
active area 3045 of the fin 304 and the second active region
310b are tapered. In some embodiments, the active channel
region 310c having at least one of the active channel region
height 318¢ between about 1 nm to about 50 nm or the active
channel region width 316 has increased strain, such as
increased tensile strain, as compared to an active channel
region that has a height greater than the active channel
region height 318¢ or a width greater than the active channel
region width 316. In some embodiments, increased strain
increases or enhances at least one of hole mobility or
clectron mobility 1n at least one of the first active region
310a, the active channel region 310¢ or the second active
region 3105. In some embodiments, the active channel
region 310c¢ having at least one of the active channel region
height 318¢ or the active channel region width 316 has
decreased source drain leakage, as compared to an active
channel region that has a height greater than the active
channel region height 318¢ or a width greater than the active
channel region width 316.

At 102 of method 100, as illustrated 1n FIGS. 6, 7A, 7B
and 8, a first dielectric layer 306 1s formed over the channel
portion 304¢ of the fin 304, such that the first active area
304a of the fin 304 and the second active area 3045 of the
fin 304 are exposed, according to some embodiments. In
some embodiments, FIG. 6 illustrates an overview or top
down view of the semiconductor device 300, FIGS. 7A and
7B 1llustrate a cross sectional view of the semiconductor
device 300 taken along lines 7a-7a, and 7b-7b respectively,
and FIG. 8 1illustrates a cross sectional view of the semi-
conductor device 300 taken along a line 8-8. Turning to
FIGS. 3, 4a, 4b, and 5, formed prior to FIGS. 7A, 7B and 8,
where FIG. 3 illustrates an overview or top down view of the
semiconductor device 300, FIGS. 4a and 45 1llustrate a cross
sectional view of the semiconductor device 300 taken along
lines 4a-4a, and 4b-4b respectively, and FIG. 5 1llustrates a
cross sectional view of the semiconductor device 300 taken
along a line 5-5. In some embodiments, the fin 304 1s formed
from the substrate 302. In some embodiments, the substrate
302 comprises an epitaxial layer, a silicon-on-insulator
(SOI) structure, a water, or a die formed from a wafer,
according to some embodiments. In some embodiments, the
substrate 302 comprises at least one of silicon or germa-
nium. In some embodiments, such as illustrated in FIG. 5,
the fin 304 comprises the first active area 304a having a first
height 305a, the channel portion 304¢ having a channel
height 305¢ and the second active area 3045 having a second
height 3055. In some embodiments, at least one of the first
height 305a or the second height 3055 1s greater than the
channel height 305¢. In some embodiments, such as 1llus-
trated 1n FIGS. 3, 4a and 4b, the channel portion 304¢ has
a first bottom channel width 303 which is greater than a first
top channel width 301 of the channel portion 304¢. In some
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embodiments, the first active area 304a has a first bottom
active width (not shown) which 1s substantially equal to a
first top active width (not shown) of the first active area
304a. In some embodiments, the second active area 30454
has a second bottom active width 303, which 1s substantially
equal to a second top active width 303 of the second active
area 3045. In some embodiments, the first bottom channel
width 303, the first bottom active width (not shown), the first
top active width (not shown), the second bottom active
width 303 and the second top active width 303 are substan-
tially equal. In some embodiments, the channel portion 304c¢
of the fin 304 is tapered. In some embodiments, at least one
of the first active area 304q or the second active area 3045
are substantially vertical. In some embodiments, such as
illustrated 1n FIGS. 7A, 7B and 8, the first dielectric layer
306 1s deposited over the first active area 3044, the channel
portion 304¢ and the second active area 304b6. In some
embodiments, portions of the first dielectric layer 306 are
removed, such as by at least one of chemical mechanical
planarization (CMP) or by selective etch, from a first active
area top surface of the first active area 304aq and a second
active area top surface of the second active area 3045. In
some embodiments, portions of the first dielectric layer 306
are removed, such as by patterning a photo resist over the
first dielectric layer 306 such as by photolithography to
mask of the first active area 304a of the fin 304 and the
second active area 304H of the fin 304 and performing a
selective etch.

At 104 of method 100, as 1llustrated 1n FIGS. 9, 10A, 10B
and 11, the fin 304 1s recessed such that the first height 305a
of the first active area 304a, the channel height 305¢ of the
channel portion 304¢ and the second height 3056 of the
second active area 3045 are reduced, such that the first active
area 304a has the first recessed height 307q, the second
active area 304¢ has the second recessed height 3075, and
the channel portion 304¢ has the recessed channel height
307¢, according to some embodiments. In some embodi-
ments, FIG. 9 illustrates an overview or top down view of
the semiconductor device 300, FIGS. 10A and 10B 1llustrate
a cross sectional view of the semiconductor device 300
taken along lines 10a-10a, and 1056-105 respectively, and
FIG. 11 illustrates a cross sectional view of the semicon-
ductor device 300 taken along a line 11-11. In some embodi-
ments, the recessed channel height 307¢ 1s greater than the
first recessed height 307a and the second recessed height
307b. In some embodiments, the first recessed height 307a
1s measured from a plane in which a bottom surface of the
first dielectric layer 306 in contact with the substrate 302 lies
to the first active area top surface of the first active area
304a. In some embodiments, the recessed channel height
307¢ 1s measured from the plane 1n which the bottom surface
of the first dielectric layer 306 1n contact with the substrate
302 lies to a channel top surface of the channel portion 304c.
In some embodiments, the second recessed height 3075 1s
measured from the plane 1n which the bottom surface of the
first dielectric layer 306 1n contact with the substrate 302 lies
to the second active area top surface of the second active
area 3045. In some embodiments, the fin 304 1s recessed
using a first etchant comprising HCI vapor. In some embodi-
ments, such as illustrated in FIGS. 10A and 11, a void 308
1s created by the recessing, such that the void 308 1s defined
by a bottom surface of the first dielectric layer 306 over the
channel portion 304¢ and the channel top surface of the
channel portion 304c.

At 106 of method 100, as illustrated in FIGS. 12, 13A,
13B and 14, the first active region 310a having the first
active region height 3184 1s formed over the first active area
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304a, the active channel region 310c¢ having the active
channel region height 318¢ 1s formed over channel portion
304¢ and the second active region 3105 having the second
active region height 3185 1s formed over second active area
304H, according to some embodiments. In some embodi-
ments, FI1G. 12 1llustrates an overview or top down view of

the semiconductor device 300, FIGS. 13A and 13B, 1llus-
trate a cross sectional view of the semiconductor device 300
taken along lines 13a-13a and 135-1356 respectively, and
FIG. 14 illustrates a cross sectional view of the semicon-
ductor device 300 taken along a line 14-14. In some embodi-
ments, the first active region 310a has the first active region
height 318a between about 10 nm to about 100 nm. In some
embodiments, the active channel region 310c¢ has the active
channel region height 318¢ between about 1 nm to about 50
nm. In some embodiments, the second active region 31056
has the second active region height 3185 between about 10
nm to about 100 nm. In some embodiments, the first active
region height 3184 1s measured from the first active area top
surface of the first active area 304a to a first active region top
surface of the first active region 310aq. In some embodi-
ments, the active channel region height 318¢ 1s measured
from the channel top surface of the channel portion 304¢ to
a channel region top surface of the active channel region
310c¢. In some embodiments, the second active region height
3185 1s measured from the second active area top surface of
the second active area 3045 to a second active region top
surface of the second active region 3105. In some embodi-
ments, an active layer 310 1s formed over the first active area
304a, the channel portion 304¢ and the second active area
3045 to form the first active region 310a, the active channel
region 310¢ and the second active region 3105. In some
embodiments, the active layer 310 comprises at least one of
silicon, germanium, mndium, arsenic, galllum, or antimony.
In some embodiments, the active layer 310 1s grown. In
some embodiments, at least one of the first active region
310a or the second active region 3105 comprise at least one
of a source or a drain. In some embodiments, the first
dielectric layer 306 over the active channel region 310c¢ 1s
removed by CMP. In some embodiments, the first dielectric
layer 306 over the active channel region 310c¢ 1s removed by
CMP prior to the formation of the active layer 310. In some
embodiments, excess active layer 310, such as active layer
above a top surface of the first dielectric layer 306, is
removed by at least one of CMP or selective etch. Turming
to FIGS. 15, 16 A, 16B and 17, where FIG. 15 illustrates an
overview or top down view of the semiconductor device
300, FIGS. 16A and 16B illustrate a cross sectional view of
the semiconductor device 300 taken along lines 16a-16aq,
and 1656-16b respectively, and FIG. 17 illustrates a cross
sectional view of the semiconductor device 300 taken along
a line 17-17. In some embodiments, the first dielectric layer
306 1s recessed to expose a top portion of the first active
region 310a, a top portion of the active channel region 310c¢
and a top portion of the second active region 3105. In some
embodiments, the gate 312 1s formed over the active channel
region 310c. In some embodiments, the gate 312 comprises
a gate electrode comprising a conductive material over a
gate dielectric material, the gate dielectric maternial 1n con-
tact with the active channel region 310c¢. In some embodi-
ments, sidewalls (not shown) are formed adjacent the gate
312.

According to some embodiments, the second method 200
of forming the semiconductor device 300 1s illustrated 1n
FIG. 2, and one or more semiconductor devices formed by
such methodology are illustrated in FIGS. 18-35.
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At 202 of method 200, as illustrated in FIGS. 21, 22A,
22B and 23, the first dielectric layer 306 over the fin 304 1s
recessed, such that a top portion 313 of the fin 304 1s
exposed, according to some embodiments. In some embodi-
ments, FI1G. 21 1llustrates an overview or top down view of

the semiconductor device 300, FIGS. 22 A and 22B 1llustrate
a cross sectional view of the semiconductor device 300
taken along lines 22a-22a, and 225-22b respectively, and
FIG. 23 1llustrates a cross sectional view of the semicon-
ductor device 300 taken along a line 23-23. Turning to FIGS.
18, 19A, 19B, and 20, formed prior to FIGS. 21, 22A, 22B
and 23, where FIG. 18 illustrates an overview or top down
view of the semiconductor device 300, FIGS. 19A and 19B
illustrate a cross sectional view of the semiconductor device
300 taken along lines 19a-19a and 1956-195 respectively, and
FIG. 20 1llustrates a cross sectional view of the semicon-
ductor device 300 taken along a line 20-20. In some embodi-
ments, the fin 304 1s formed from the substrate 302. In some
embodiments, the substrate 302 comprises an epitaxial layer,
a silicon-on-mnsulator (SOI) structure, a wafer, or a die
formed from a water, according to some embodiments. In
some embodiments, the substrate 302 comprises at least one
of silicon or germanium. In some embodiments, such as
illustrated 1n FIG. 20, the fin 304 comprises the first active
area 304a having a first height 309q, the channel portion
304¢ having a channel height 309¢ and the second active
arca 304b having a second height 3095. In some embodi-
ments, the first height 3094, the channel height 309¢ and the
second height 3095 are substantially equal. In some embodi-
ments, such as illustrated in FIGS. 18, 19A and 19B, the first
active area 304a has a first bottom active width (not shown)
which 1s substantially equal to a first top active width (not
shown) of the first active area 304q. In some embodiments,
the second active area 304b has a second bottom active
width (not shown), which 1s substantially equal to a second
top active width (not shown) of the first active area 3045. In
some embodiments, at least one of the first active area 304a,
the channel portion 304¢, or the second active area 2045 of
the fin 304 are tapered. In some embodiments, at least one
of the first active area 304a, the channel portion 304c¢, or the
second active area 3045 of the fin 304 are substantially
vertical (not shown). In some embodiments, such as 1llus-
trated 1n FIGS. 21, 22A, 22B and 23, the first dielectric layer
306 1s deposited over the first active area 3044, the channel
portion 304¢ and the second active area 304bH. In some
embodiments, portions of the first dielectric layer 306 are
removed, such as by at least one of chemical mechanical
planarization (CMP) or by selective etch, from the top
portion 313 of the fin 304. In some embodiments, portions
of the first dielectric layer 306 are removed, such as by
patterning a photo resist over the first dielectric layer 306
such as by photolithography to mask of the first active area
304a of the fin 304 and the second active area 3045 of the
fin 304 and performing a selective etch.

At 204 of method 200, as illustrated in FIGS. 24, 25A,
25B and 26, a dummy gate 314 1s formed over the channel
portion 304c¢ of fin 304, according to some embodiments. In
some embodiments, FIG. 24 illustrates an overview or top
down view of the semiconductor device 300, FIGS. 25A and
25B 1llustrate a cross sectional view of the semiconductor
device 300 taken along lines 25a-25a and 255-25b respec-
tively, and FIG. 26 illustrates a cross sectional view of the
semiconductor device 300 taken along a line 26-26. In some
embodiments, the dummy gate 314 comprises an 1nert

material.
At 206 of method 200, as illustrated in FIGS. 27, 28A,

28B and 29, the fin 304 1s recessed such that the first height
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309a of the first active area 304q, the channel height 309¢
of the channel portion 304¢ and the second height 3095 of
the second active area 30454 are reduced, such that the first
active arca 304a has the first recessed height 307a, the
second active area 304¢ has the second recessed height
307b, and the channel portion 304¢ has the recessed channel
height 307¢, according to some embodiments. In some
embodiments, FIG. 27 illustrates an overview or top down
view 01 the semiconductor device 300, FIGS. 28A and 28B
illustrate a cross sectional view of the semiconductor device
300 taken along lines 28a-28a and 285-28b respectively, and
FIG. 29 illustrates a cross sectional view of the semicon-
ductor device 300 taken along a line 29-29. In some embodi-
ments, the first active area 304a, the channel portion 304c¢
and the second active areca 304H are formed in the same
manner as described above with regard to the first active area
304a, the channel portion 304¢ and the second active area
3045 as illustrated 1in FIGS. 9, 10A, 10B and 11. In some
embodiments, such as illustrated in FIGS. 28A and 29, a
void 308 1s created by the recessing, such that the void 308
1s defined by a bottom surface of the dummy gate 314 and
the channel top surface of the channel portion 304c.

At 208 of method 200, as illustrated in FIGS. 30, 31A,
31B and 32, the first active region 310aq having the first
active region height 318a 1s formed over the first active area
304a, the active channel region 310c¢ having the active
channel region height 318c¢ 1s formed over channel portion
304¢ and the second active region 3106 having the second
active region height 3185 1s formed over second active area
304H, according to some embodiments. In some embodi-
ments, F1G. 30 1llustrates an overview or top down view of
the semiconductor device 300, FIGS. 31 A and 31B 1llustrate
a cross sectional view of the semiconductor device 300
taken along lines 31a-31a and 315-315 respectively, and
FIG. 32 illustrates a cross sectional view of the semicon-
ductor device 300 taken along a line 32-32. In some embodi-
ments, the first active region 310q, the active channel region
310¢ and the second active region 3105 are formed in the
same manner described above with regard to the first active
region 310a, the active channel region 310c¢ and the second
active region 3105 as illustrated in FIGS. 12, 13A, 13B and
14. Turning to FIGS. 33, 34A, 34B and 35, where FIG. 33
illustrates an overview or top down view of the semicon-
ductor device 300, FIGS. 34A and 34B 1illustrate a cross
sectional view of the semiconductor device 300 taken along
lines 34a-34a and 345-34b respectively, and FIG. 335 1llus-
trates a cross sectional view of the semiconductor device
300 taken along a line 35-35. In some embodiments, the
dummy gate 314 i1s removed to expose the channel top
surface of the active channel region 310c¢. In some embodi-
ments, the gate 312 1s formed over the active channel region
310c. In some embodiments, the gate 312 comprises the gate
clectrode comprising the conductive material over the gate
dielectric material, the gate dielectric material 1n contact
with the active channel region. In some embodiments,
sidewalls (not shown) are formed adjacent the gate 312. In
some embodiments, the active channel region 310¢ having
at least one of the active channel region height 318c¢ or the
active channel region width 316 has increased strain, such as
increased tensile strain, as compared to an active channel
region that has a height greater than the active channel
region height 318¢ or a width greater than the active channel
region width 316. In some embodiments, increased strain
increases or enhances at least one of hole mobility or
clectron mobility 1n at least one of the first active region
310a, the active channel region 310c¢ or the second active
region 310b. In some embodiments, the active channel
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region 310c¢ having at least one of the active channel region
height 318¢ or the active channel region width 316 has
decreased source drain leakage, as compared to an active
channel region that has a height greater than the active
channel region height 318¢ or a width greater than the active
channel region width 316.

According to some embodiments, a method of forming
semiconductor device comprises forming a first dielectric
layer over a channel portion of a fin such that a first active
area of the fin and a second active area of the fin are exposed
and recessing the fin, such that a first height of the first active
area, a channel height of the channel portion and a second
height of the second active area are reduced, such that the
first active area has a first recessed height, the second active
area has a second recessed height, and the channel portion
has recessed channel height, the recessed channel height
greater than the first recessed height and greater than the
second recessed height. According to some embodiments,
the method of forming semiconductor device comprises
forming a first active region over the first active area, the first
active region having a {irst active region height, forming an
active channel region over the channel portion, the active
channel region having an active channel region height and
forming a second active region over the second active area,
the second active region having a second active region
height. In some embodiments, the first active region height
and the second active region height are greater than the
active channel region height.

According to some embodiments, a method of forming
semiconductor device comprises recessing a lirst dielectric
layer over a fin, such that a top portion of the fin 1s exposed,
the fin comprising a first active area, a channel portion and
a second active area and forming a dummy gate over the
channel portion of the fin. According to some embodiments,
the method of forming semiconductor device comprises
recessing the fin, such that a first height of the first active
area, a channel height of the channel portion and a second
height of the second active area are reduced, such that the
first active area has a first recessed height, the second active
area has a second recessed height, and the channel portion
has recessed channel height, the recessed channel height
greater than the first recessed height and greater than the
second recessed height. According to some embodiments,
the method of forming semiconductor device comprises
forming a first active region over the first active area, the first
active region having a {irst active region height, forming an
active channel region over the channel portion, the active
channel region having an active channel region height and
forming a second active region over the second active area,
the second active region having a second active region
height. In some embodiments, the first active region height
and the second active region height are greater than the
active channel region height.

According to some embodiments, a semiconductor device
comprises a fin having a first active area and a channel
portion, where the first active area has a first recessed height
and the channel portion has a recessed channel height, the
recessed channel height greater than the first recessed height.
In some embodiments, a {irst active region 1s over the first
active area, the first active region having a first active region
height and an active channel region 1s over the channel
portion, the active channel region having an active channel
region height, where the first active region height 1s greater
than the active channel region height.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art

10

15

20

25

30

35

40

45

50

55

60

65

10

should appreciate that they may readily use the present
disclosure as a basis for designing or modilying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

Various operations of embodiments are provided herein.
The order imm which some or all of the operations are
described should not be construed to imply that these
operations are necessarlly order dependent. Alternative
ordering will be appreciated having the benefit of this
description. Further, it will be understood that not all opera-
tions are necessarily present in each embodiment provided
herein. Also, it will be understood that not all operations are
necessary in some embodiments.

It will be appreciated that layers, features, elements, etc.
depicted herein are illustrated with particular dimensions
relative to one another, such as structural dimensions or
orientations, for example, for purposes of simplicity and
case ol understanding and that actual dimensions of the
same differ substantially from that illustrated herein, 1n some
embodiments. Additionally, a variety of techniques exist for
forming the layers features, elements, etc. mentioned herein,
such as etching techniques, implanting techniques, doping
techniques, spin-on techniques, sputtering techniques such
as magnetron or 1on beam sputtering, growth techniques,
such as thermal growth or deposition techniques such as
chemical vapor deposition (CVD), physical vapor deposi-
tion (PVD), plasma enhanced chemical vapor deposition
(PECVD), or atomic layer deposition (ALD), for example.

Moreover, “exemplary” i1s used herein to mean serving as
an example, istance, 1llustration, etc., and not necessarily as
advantageous. As used in this application, “or” 1s intended to
mean an inclusive “or” rather than an exclusive “or”. In
addition, “a” and “an” as used 1n this application and the
appended claims are generally be construed to mean “one or
more” unless specified otherwise or clear from context to be
directed to a singular form. Also, at least one of A and B
and/or the like generally means A or B or both A and B.
Furthermore, to the extent that “includes™, “having™, “has”,
“with”, or variants thereof are used, such terms are intended
to be inclusive 1n a manner similar to the term “comprising’”.
Also, unless specified otherwise, “first,” “second,” or the
like are not mntended to imply a temporal aspect, a spatial
aspect, an ordering, etc. Rather, such terms are merely used
as 1dentifiers, names, etc. for features, elements, 1items, etc.
For example, a first element and a second element generally
correspond to element A and element B or two different or
two 1dentical elements or the same element.

Also, although the disclosure has been shown and
described with respect to one or more implementations,
equivalent alterations and modifications will occur to others
skilled 1n the art based upon a reading and understanding of
this specification and the annexed drawings. The disclosure
comprises all such modifications and alterations and 1s
limited only by the scope of the following claims. In
particular regard to the various functions performed by the
above described components (e.g., elements, resources,
etc.), the terms used to describe such components are
intended to correspond, unless otherwise indicated, to any
component which performs the specified function of the
described component (e.g., that 1s functionally equivalent),
even though not structurally equivalent to the disclosed
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structure. In addition, while a particular feature of the
disclosure may have been disclosed with respect to only one
of several implementations, such feature may be combined
with one or more other features of the other implementations
as may be desired and advantageous for any given or
particular application.

What 1s claimed 1s:

1. A method of forming a semiconductor device compris-
ng:

forming a first dielectric layer over a channel portion of a

fin, wherein a first active area of the fin and a second
active area of the fin are exposed atter the first dielectric
layer 1s formed;

ctching the fin while the first dielectric layer 1s over the

channel portion of the fin, wherein after the etching:

the first active area of the fin has a first height,

the second active area of the fin has a second height,
and

the channel portion of the fin has a third height greater
than the first height and greater than the second
height;

forming a first active region over the first active area of

the fin, wherein the first active region has a first active
region height;

forming an active channel region over the channel portion

of the fin, wherein the active channel region has an
active channel region height;

forming a second active region over the second active

area of the fin, wherein:

the second active region has a second active region
height, and

the first active region height and the second active
region height are greater than the active channel
region height; and

forming a gate over the active channel region, wherein the

gate 1s 1n contact with a sidewall of the active channel
region.

2. The method of claim 1, wherein a void 1s defined
between the channel portion of the fin and the first dielectric
layer upon the fin being etched.

3. The method of claim 1, comprising:

removing a portion of the first dielectric layer overlying

the channel portion of the fin after etching the fin.

4. The method of claim 1, comprising:

planarizing the first active region, the active channel

region, and the second active region prior to forming
the gate.

5. The method of claim 1, wherein a top surface of the first
active region, a top surface of the active channel region, and
a top surface of the second active region lie 1n a same {first
plane after planarizing the first active region, the active
channel region, and the second active region.

6. The method of claim 1, comprising:

removing a portion of the first dielectric layer in contact

with the sidewall of the active channel region prior to
forming the gate.

7. The method of claam 1, wherein forming the gate
COmMprises:

forming a gate dielectric over the active channel region,

wherein the gate dielectric 1s 1n contact with the side-
wall of the active channel region, and

forming a gate electrode over the gate dielectric.

8. The method of claim 1, comprising forming the fin
from a substrate prior to forming the first dielectric layer,
wherein upon the fin being formed:

the first active area of the fin has a fourth height greater

than the first height,
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the second active area of the fin has a fifth height greater

than the second height,

the channel portion of the fin has a sixth height greater

third height but less than the first height and the second
height.

9. The method of claim 1, wherein the sidewall of the
active channel region 1s tapered.

10. The method of claam 1, wherein forming the first
active region and the second active region comprises:

growing the first active region and the second active

region.

11. The method of claam 1, wheremn etching the fin
COmprises:

performing a first etch using hydrochloric vapor.

12. The method of claim 1, comprising:

recessing a portion of the first dielectric layer 1n contact

with the first active region after forming the gate to
expose a portion of a sidewall of the first active region.

13. A method of forming a semiconductor device com-
prising;:

forming a first dielectric layer over a channel portion of a

{in while the channel portion of the fin has a first height
and an active area of the fin has a second height greater
than the first height;

ctching the fin, wherein after the etching the channel

portion of the fin has a third height and the active area
of the fin has a fourth height less than the third height
due to the first dielectric layer being disposed over the
channel portion of the fin during the etching;

forming an active region over the active area, wherein the

active region has a first active region height;

forming an active channel region over the channel portion

of the fin, wherein the active channel region has an
active channel region height less than the first active
region height; and

forming a gate over the active channel region, wherein the

gate 1s 1n contact with a sidewall of the active channel
region.

14. The method of claim 13, wherein a top surface of the
active area of the fin 1s exposed after forming the first
dielectric layer.

15. The method of claim 14, wherein a top surface of the
channel portion of the fin 1s concealed after forming the first
dielectric layer.

16. The method of claim 13, wherein a void 1s defined
between a bottom surface of the first dielectric layer and a
top surface of the channel portion after etching the {in.

17. The method of claim 13, wherein forming the active
region Comprises:

growing the active region.

18. The method of claim 13, comprising:

removing a portion of the first dielectric layer 1n contact

with the sidewall of the active channel region prior to
forming the gate.

19. A method of forming a semiconductor device com-
prising;:

forming a first dielectric layer over a channel portion of a

fin;

ctching the fin to define a void between a bottom surface

of the first dielectric layer and a top surface of the
channel portion of the fin;

removing a portion of the first dielectric layer over the

void;

forming an active channel region where the void 1s

defined; and
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forming a gate over the active channel region, wherein the
gate 1s 1n contact with a sidewall of the active channel
region.

20. The method of claim 19, wherein etching the fin
COmMprises: 5
ctching the channel portion of the fin at a slower rate than

an active area of the fin.
21. The method of claim 19, wherein after etching the fin,
the channel portion of the fin has a first height and an active
area of the fin has a second height less than the first height. 10
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